Background: Upper arm deformities secondary to massive weight loss or senile elastosis have led to an increased demand for aesthetic contouring procedures such as brachioplasty.
B
rachioplasty was first described in 1930 as a form of pendulous arm reduction for obese women. 1 However, the first description of aesthetic brachioplasty was put forth by CorreaIturraspe and Fernandez in the 1950s, and since that time, brachioplasty has become a well-established procedure for aesthetic contouring of the upper extremity. 2 There were 15,183 brachioplasties performed in 2010, an increase of 4392 percent compared with the number performed in 2000. 3 The dramatic rise in the number of brachioplasty procedures performed likely coincides with the increase in bariatric procedures performed each year. The most frequent causes of upper extremity deformity leading patients to seek treatment are the natural aging process, massive weight loss due to diet and exercise, and weight loss following bariatric surgery. Despite being an effective treatment for contour irregularities of the upper arm, brachioplasty is associated with significant complication (25 to 40 percent) and revision rates (3 to 25 percent). 4 -6 Common brachioplasty complications include widened hypertrophic scar, recurrent skin laxity, wound dehiscence, and wound infection.
Patients who undergo massive weight loss often have multiple aesthetic deformities in addition to loose arm skin. In an attempt to address the multiple deformities and to limit the amount of exposure to general anesthesia, multiple bodycontouring procedures are combined into one operation. This is potentially beneficial from an anesthesia and patient convenience standpoint. Gusenoff et al. have found that procedures can be combined safely; however, more evidence is needed to confirm this. 4 The purpose of this study was to examine our experience with brachioplasty procedures to assess which predisposing and intraoperative factors are correlated with positive or negative outcomes.
PATIENTS AND METHODS
The records of all patients who underwent a brachioplasty procedure at a local hospital or one of our outpatient facilities between 1996 and 2009 were reviewed. All procedures were performed by one of nine board-certified plastic surgeons. Surgeons included in the study had been practicing in the community for variable lengths of time during the study period, ranging from 3 to 13 years. Patient demographic information collected included age, sex, past medical history, body mass index, and change in body mass index (if applicable), in addition to the cause of the upper arm contour deformity (e.g., post-bariatric surgery weight loss, weight loss from diet and/or exercise, or senile elastosis/lipodystrophy). Perioperative data included concomitant procedures, concomitant liposuction of the upper arm, incision type, and use of drains. Any postoperative complication was recorded and classified as either a "major complication" or a "minor complication." Major complications included infection requiring intravenous antibiotics, hematoma, seroma, dehiscence greater than 2.5 cm, and hypertrophic scar requiring surgical revision. Minor complications included surgical revision for asymmetry or enhancement, infection treated with oral antibiotics, stitch abscess, dehiscence less than 2.5 cm, and hypertrophic scar treated nonsurgically. Revision rates, in addition to their underlying cause, were also recorded. SAS version 9.2 software (SAS, Inc., Cary, N.C.) was used for the statistical procedures. Data were analyzed using the chi-square test, independent t test, logistic regression, and Pearson's coefficient. Significance was assessed at p Ͻ 0.05.
RESULTS
Ninety-six patients had sufficient data and were included in the study. A majority of the patients were women (n ϭ 95; 99.0 percent), with an average age at the time of surgery of 51.0 years (range, 26.5 to 76.5 years). Past medical history included hypertension in 16 patients and tobacco abuse in four patients. Pre-and post-weight loss body mass index data were available for 69 of the patients. The mean change in body mass index, secondary to weight loss (either due to bariatric surgery or diet and exercise), was 19.9 kg/m 2 (range, 6 to 41 kg/m 2 ). The most common cause of upper arm deformity was weight loss following bariatric surgery (n ϭ 48), followed by weight loss via diet and exercise (n ϭ 28) and senile elastosis (n ϭ 19). Preoperative liposuction of the upper arm was performed in one patient. The incision pattern varied among the surgeons (Table 1) . More than 75 percent of the incisions were closed in a three-layered fashion. Concomitant procedures were performed in 55.2 percent of patients (n ϭ 53) ( Table 2 ). Simultaneous circumferential arm liposuction was performed in 53.7 percent of patients (n ϭ 51). The decision to perform pre-excision liposuction was surgeon-and patient-specific, depending on the degree of loose and excess skin as well as the residual adipose deposit on the anterior and lateral aspects of the upper arm. Tumescence was utilized in 63 patients (65.6 percent). The mean length of postoperative follow-up was 71 weeks. Representative preoperative and postoperative images are shown in Figures 1 through 3 .
The total complication rate was 53.1 percent (n ϭ 51). As described previously, complications were classified as major or minor, with rates of 17.7 percent and 44.8 percent, respectively ( Table 3) . The most common complication was hypertrophic scarring (24.0 percent, n ϭ 23). Conservative measures to address the scarring included both laser therapy (n ϭ 14) and steroid injections (n ϭ 6), with eight patients requiring a surgical revision. A total of 22 patients (22.9 percent) underwent surgical revisions for various reasons following their brachioplasty (Table 4 ). In addition, the use of postoperative suction drainage was not found to significantly decrease seroma rates, compared with patients who did not have drains (2.6 percent versus 8.6 percent, respectively; p ϭ 0.40). All demographic, perioperative, and postoperative variables were analyzed for potential association with postoperative complications (minor or major) and/or revision rates. Of the 17 major complications, 13 occurred in the post-bariatric surgery cohort, demonstrating an increased risk for this patient population compared with the non-bariatric surgery group (27.1 percent versus 8.5 percent, respectively; p ϭ 0.02). Undergoing a concomitant procedure at the time of brachioplasty was not found to be associated with an increased risk of developing a major complication (p ϭ 0.052).
No correlations with complication or revision rates were demonstrated with regard to concomitant arm liposuction, incision type (single or ellipse versus all others), change in body mass index before surgery, and/or closed suction drain usage postoperatively. A logistic regression analysis showed an increased risk of developing major complications in those patients who presented following bariatric surgery, compared with the non-bariatric surgery group (odds ratio, 3.95; 95 percent confidence interval, 1.13 to 13.74). Using the same analysis, performance of a concomitant procedure 
DISCUSSION
The number of brachioplasty procedures performed each year continues to increase. Despite this increase, there is a paucity of literature examining outcomes of brachioplasty. Approximately 63 percent of all brachioplasties are performed on patients with a history of massive weight loss. 3 Many different surgical techniques are used for brachioplasty. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Each of these is purportedly aimed at addressing various aspects of the complications related to the procedure (e.g., scar widening, scar tethering across the axilla, seroma, and hematoma) while at the same time attempting to improve the aesthetic result.
Scar widening continues to be a significant complication related to brachioplasty. Lockwood advocated resuspension of the fascial support system to the clavipectoral fascia to prevent scar widening. 18 Goddio described de-epithelialization of the posterior skin flap and tucking the flap beneath the anterior flap, which led to no scarring issues in 12 patients. 17 Despite these attempts to reduce hypertrophic scarring, reported scar revision rates remain high.
We found a hypertrophic scarring rate of 24.0 percent, with 8.3 percent of the brachioplasty patients needing a revision due to scarring. Although Gusenoff et al. managed a low scar revision rate of 3 percent, the rate of hypertrophic scarring was not included. 4 Migliori et al. found a hypertrophic scarring rate of 40 percent. 19 This disparity is likely secondary to the subjective nature used to diagnose a scar as hypertrophic, particularly in that of a retrospective review. The cause of hypertrophic scar formation in the massive weight loss patient is likely multifactorial. Richards postulates that the lack of skin elasticity in these patients leads to the poor scar outcomes. 15 Regardless of the proposed Plastic and Reconstructive Surgery • April 2013 mechanism, further research is necessary to determine the exact etiology leading to the hypertrophic scar. In addition, larger comparative studies, looking closely at revision and complication rates, are needed to examine individual brachioplasty techniques.
Because of the large percentage of brachioplasty patients with antecedent bariatric surgery, several studies have examined outcomes in this patient demographic. Gusenoff et al. examined 101 patients who had previous massive weight loss and found an overall complication rate of 40.4 percent. 4 Of note, our population, with a complication rate of 53.1 percent, did not consist exclusively of massive weight loss patients. However, 13 (76.5 percent) of 17 major complications occurred in our post-bariatric surgery patients. Likely explanations for this finding include nutritional depletion and loss of skin elastosis leading to increased hypertrophic scaring. 15 However, ad- Volume 131, Number 4 • Brachioplasty Outcomes ditional research into nutritional parameters in the post-bariatric surgery patient may be beneficial to determine whether they are involved in the etiology of higher complications in this patient population. Concomitant procedures are frequently combined with brachioplasty to minimize general anesthesia exposure. This is particularly germane to patients who often need to have several areas addressed due to the aesthetic deformities following massive weight loss. Using logistic regression analysis, our study did not find a statistically significant increase in complications when concomitant procedures were added to brachioplasty. Gusenoff et al. found that more than 8 hours of operative time was associated with an increase in complications; however, these were not exclusively brachioplasty complications and could have been related to one of the concomitant procedures. 4 Although no individual complication was related to increased operative time in their study, the overall complication rate was related to operative time. They postulated that intraoperative hypothermia, perioperative nutrition, surgeon fatigue, and average length of incision were potential causes of increased complications. Unfortunately, historical comparison is challenging because many of the previous studies routinely performed concomitant procedures and did not compare results to brachioplasty alone. 4, 6 Liposuction of the arm was performed in 53.1 percent of our patients. Some authors advocate staged liposuction before brachioplasty. 5, 13, 14 Our findings do not concur with these recommendations, since we found no change in complication rate between patients undergoing liposuction at the time of brachioplasty and patients not undergoing liposuction. Pascal and Le Louarn advocated circumferential arm liposuction with limited undermining and found a 4.7 percent revision rate and no seromas. 20 El Khatib classified deformities into a treatment algorithm, dividing patients into those needing liposuction alone, those needing staged liposuction and then excision, those needing suction-assisted mini-brachioplasty, and those needing full brachioplasty. 21 Although it is an interesting concept, no outcome validation of the algorithm was included. Other authors routinely perform liposuction and report good results. 22, 23 While no definitive conclusions can be drawn from our study due to power limitations, our data would seem to imply that liposuction can be safely performed simultaneously with brachioplasty. Lastly, use of postoperative suction drainage showed no significant decrease in seroma rates. No previous studies have examined this outcome, raising the question of the necessity of suction drains when performing a brachioplasty and warranting further investigation.
CONCLUSIONS
Brachioplasty, despite being an effective modality to contour the upper arm, is associated with a high complication rate. Our study supports previous research that did not find a significant increase in complications when brachioplasty was combined with additional procedures. In addition, post-bariatric surgery patients are at an increased risk for a major complication. Surgeons should be aware of these findings when discussing the procedure with their patients.
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